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compared  10 ils lcrrcslrial counlcrpatl. ‘1’lIus i[ ivas (1~~ surllrisc
thil[ [Jlysscs c.ncoun(crd  mul(ip]c c ross ings  of the how slmck
and Illagncmpaosc. A  [Og Of lhc p]asma rcginux ohcrw’d by
[hc p l a s m a  cxpcrirncrrt  has  hccn publisltcd by [{(i~~ic C( al
( [ ~~~[,]; w~ rcp~~l[ ~t,is 10g, [logj))~,]t~d hy sp;,~c~r~,fl  p<,sili(,ll

information and incorporating, a few  minor changes and
addi t ional  c,vcn [s, in ‘lhblc  I. ‘1’hc.  IIrsl  cncountcr  \vi(ll  (he bow,
s h o c k  o c c u r r e d  at 1733 [1’1’ o n  l;chruary 2, 1992, fit a
p lane. toccnt r ic  dis(ance of 1 I 3 Jupilcr radii  (~~), Jovi:ln  IOC:II
tim of 1018, planc(ary  Iatitudc  of 45° , and magnc[ic  Ialiluctc ol
-4°. Closest approach 10 Jupiter was al 1202 U’1’ on [+hruary  8,
nt 6.3 Rj and Jovian local lin~c of o! ~0. ‘1’hc Iinal  crmuntcr
with the bow shock was at 0753 U“l’ on I;cbruary  16, at 149 A’J,
J o v i a n  local  tirnc of 1815, planc(ary  Iati[udc of - 3 7 ” ,  and
rnap,nctic Iatitudc  of -28°.

‘1’hc Ulysses solar wind plasma cxpcrirncnl  con]priscs  two
separate sensors, onc for electrons nnd onc for prrsi[ivcly
clmrgcct ions; 8 cormplclc inslrorncnt  dc+wription  was published
b y  Iiotne c! al. ( 1992(/]. Both arc spherical-section
C] C. CtrOS(ali  C ZlllIIIYZCrS  V.’hi Ch Llsc Cbannci CICC{[OII moltip]icrs
(CIIMS) t o  count  pirr[iclcs  cliscrctc.ly.  “1’hc CfIM nmrys arc
alig, rmt with the. spacecraft axis so as to provide thrc.c -
dimcnsional velocity space coverage., with tllc other [Wo
di rncnsions  accounted for by vot ta~,c stcppins, rind spncccraf(
spin (five revolutions pm minute). B o t h  irlstrumcnts  wcic
operated throug.hcm( lhc. cncountcr,  with lhc cxccption  of a ?4-
hnur shutdown near CIOSCSI  approach duc to increasing
b a c k g r o u n d  coursls and lbc  gorrl of prcsc.rving  CI!M g,airls.
Bccausc the velocity dis!ribtrlions of electrons and ions in tbc
solar wind arc mrrrtmdly  ctiffcrem[, with bcamlikc  ion fluxes and

omnidirectional electron fluxes, the. two instruments usc.
diffcrcn[ approaches to acmmplish the primary cxpcrimc.ntal
goal of helimphcric sciurcc.

“1’hc electron instrorncrrt  J]as an cncrp,y ranp,c of 1.6 to 86’2
CV in its usual mode and includes scvcm  C.lih4s which, toScttm
with spacccraf(  spin, provide look rtnglc covcqe. of !J5Y0 of
4rc-stcracfiar]s of solid angle. I~ach e.lcctron spectrum takes two
minutes to measure. and inclodcs  20 logarithmically spaced

I’ransition

h4sp-DI/-Msh
Msti-Bl.-Msh

hfsp-111.-Msh
Msh-111/-hfsh
Mstl-BI.-Msh
Msh-tt[ .-fvfsfr
MsP-IH.-MsP
hlsp-111.-Msp
Ms[)-lH/-Msh
Msh-B1-Msp
Msp-Bl/-hlsh
Msh-SW
SW-MS)I
Msh-B1.-Msp
hfsp-lH.-Msp
hfsp-fU .-fvfsp
Msp-tJl .-hhh

h4!h-SW

,, .,.
,,.

e n e r g y  steps. I)uli[l&!  lt]L! Jllpi[cr  cncountrr (IIC illslrunl~nt  ~’&
placed in a rnodc ilwrrrporalirlc  higtlcsl  angular rcs[~lu[ion, at ~
COS( of (lcCrc:\sc(\  tirllC r~.ho[uLion Spcc(rd W’(’K’  rC(UrOCd  ev+

5.7 n~in, with two ot’ every tllrcc  spcclra summed ovm (IIC [:~~
~lrr:ly :Ir)d rct(,rrtcd os  [u(j.~lijl]cl]siorl{ll  rncasurcrncn[s. fie

a n g u l a r  s[cp si~c in the spacecraft spin PI:lIIC (fmnal tcI &
ll:lril]-sp;]~ccri]f( axis and nr:lrly normal L() IIIC SLl[l-Jupi(cr axi~

5 (25° (64 steps pcr spin) for twwduring the cncounlcr)  wils . j
ditncrlsior]:il  spcclr:l  and 1 I .25°  (32 sICps pL’r sPirl) i’?r tllr~

diltwnsional spectra, ‘i’hc irlStrUlllC.11( waS L’O1lfl~Wrcd  with j~
rnaxin]um  COLIrII  irtlcgra[iorl  [itnc  O f  64 0)S to CrMUrC  rnaxinlum
sensitivity durin~  (Iw cncoun(cr.

‘1’hc ion instrumc.nt  has an energy-pcr-charge (~~q) range ~
248 cV/q [c) 12,2 kcV/q  for the n]casutcnmnts used in this study
t h e  full instrunlcnlal ran:e CXtCrldS  to 35.2 kcV/q, Iiach
SpCCilLlll)  illCILldCS 4f) 10 F,~rit}lnliC’il lly-S[)flCc(l I’Y(/  s[CpS.  ]n @

so}:lr M,il)rj, the iol) energy peak is ac[ivcly  tracked so as ~

attow  S% ~~~1 spacing, over halt_ of the logarithmic Uq ran~c
specific.d abcrvc,  while. slill cnpturing  (hc Complete p{:)ton M
helium distributions, I:or  the crrcountcr,  tmwcvcr,  [he ;lcti~
tracking, was ctisablcd so as to return lhc full 248 cV/a to 129----
kcV/q raoxc for the mode in U S C, wi[h  10% energy spacing, ~
instrument incorporate. s an aperture w’hCCl to vary itf
scnsilivi[y lhroop, hrrut i t s  hc.liosphcric  nli SSi On; tk lNf@f

apcr(urc  w a s  sclcctcd  for  [tic tmcountc, r. Ikrch i o n  spcctru~ ~
lakes 2 min (1 O spacecraft spins, with four energies saraplti
pcr spin)  10 accurnulatc;  dur ing,  the e.ncountcr (hc spechu~

- i
rc.petition period was four minu[cs. .,,.

“1’hc io~~ analymr inclucJcs an orray of 1 6  CIiMs,  positiorj&j
so that the first CliM views along the spacecraft spin axis arul
the sixteenth views at a polar angle of 75° from the spin axk. .. .
Note that the. spirt axis points carlhward;  during the. encounlf+

.)”this was approxim!c[y 5° from the sunward  look direction.;

order to accommodate the varying Sun-Iiarth-spaeecfm  ‘.1
g,cornctry  durin~ the U]ysscs  m i s s i o n  a n d  t o  aclcquatdj””
charactcri~.c. the solar wind prcrton/alpha  distributions withh!
rrvailablc  tclcmctry  lin~its, the ion analy~,cr retorns data bw
on clcvcn  prcdctcrminrd  arlays of Oihf number and $pin ~h~.

. ,-.:
,.,

l“Attl 1:1.  Surnmry of finh’y “1’inm, l~xit ~’irncs, mid SpacccrafL Position, of [)bwrvccl Pkwnm I<cginns
:.:, ‘4f E:

lkmndary Iin(ry [)alr/ Iixil IMr/ IMry  I)islmcc (Jij)/
lime, Ul Time, (11’ 1 .atitudc/t .ocal lime

,:,. ,:
. ..-

M 2/02 1733 ?/02 1733 113 +05” 1018 113 + 05”
Mpt 2/0? 2t3ft 2/02 2308 110 + 05° lots 109 + 05°
M],2 2/02 2222 2/02 2308 109 405 1018 109 +oi
MP 2/03 1655 2/03 1720 096 + 06” 1015 095 +06”
Ml’ 2/03 1945 2/04 0025 093 + 06° 1014 090 +06’
Mt ‘ 2JC4 0100 2/04 0125 090” + 06° 1013 089 406”
Ml’ 2/04 0250 2/04 0400 088 + 06” 1013 087 + 06°

2/12 0024 2/12 0100 072 -36° 1839 073 -36°
2/12

hf}’ 2/12
MP 2/12
Ml’ 2/[?
lL$ 2/14
m 2/14
Ml’ 2/14

2/14

1058
1337
1700
1820
fKr37
0428
0933
1400

2112
2/12
2112
2/12
2/14
2/14
2/14
2{14

tz)c
1357
1740
1910
0037
0428
1030
1600

080 -36”
og~ -36”
of! 5 -36°
086 -36”
t 09 -37”
1[2, -37”
115 .37”
119 -37”

835 08z -36”
834 083 -36°
833 085 -36°
832 087 -36°
824 109 .37”
824 I !2 -37°
823 116 -37’
822 120 .37

2/14 18t5 2/14 1s.25 ]?j -37” Ip,?l 122 -i7
hll’ 2/14 2045 2/1’1 2140 J ?.j .-JJO I 820 124 -37”
IN 2/16 0753 2/16 07s3 149 -37” 1815 149 -37”

Solar wind (SW), mgnetosherrth (h4sh). boundarY laYcr (RI), ~il!d nlfi?,nctosphcrc (hlsp), with id,~ntif]cation
(11S)  or nm~nctopaosc (MP). I Based on nu%nctic flcld ot)scrvations. 211ascd  011 p[asnm  otxcrwr(ions,

of d)c



“1’IIc  c h o i c e  ot’ mcasurcmcnt  malricc.s  i s,Illlt)ill;< [ii)ws.
Irxjln  t h e  groLlnd,  Iluring t h e  crrcounlcr  t h e,)lll,~landcd

,cc,~llr~.rlcrll  m:ltrix :ind lhc spin-phase-indexed malrix ccntcr
~)ir,[ w~,rc sclcc[od based on the cs[irna[cd  flow dircclion ~or
-ICI} r~>{!i{ln. ‘1’tlis schcmc  worked WCII for lhc o u t b o u n d

l)uring (IIC inbound phase, which will bc~lc,~(lrl[t,l  PII;ISC,

\p\,\in{’11 irl detail in a subscqocnt section, r~]~l~:rlctosllc:llh ion

,:,.  ,1 .Icn[s were styrnicd  by ( I ) (Iw urtcxpcctcdly  early bow
)countcr;  ( 2 )  lhc b r i e f  ( 4 - h o u r )  Iransil ot’ lhc

I

,.(
,.,: .[,l>hcath;  ( 3 )  lhc a n o m a l o u s  flow oricnlaliorr in ttrc

.,)~[,c.[t,stlc:llll; and (4) the 75-nlin round-trip l ight Iinlc,
lil’t] prcclndcd rapid response 10 uncxpcclcd pltrsrna

r)di[io:]:;, As a rcsull,  no mcaningftrl  ion nwasurcmcnls  arc
~i]:]bl(; for IIIC i n b o u n d  rnagnctoshcnlll  cncountcr,  cxccpt  of

ursc f:)r’ standard solar wind mcasurcrncnls  up until the first

u shock crossing.
~cc[(,r m a g n e t i c  Iicld nmrsurcmcnts  from the LJlysscs

1: )~.[cr cxpcrimcnl [ /Ia/og/J cl al. , 1992c~] were used in

r ’ [hc plasrnn rsbscrva[ions lhroup,hout  this study. US C

[,. (w (Jmcrvatior)s was primarily for (1) idcrltit’icalirrrr  Of the
fl~r (parallel or pcrpcncticukrr)  of nnisotropics  in clcc[ron
s[ritwtion  fnnclions and (2) corroboration of the times of
]grletrlpaUSC crclssings.

I)A’IA I{ IIIWCV’ION ANI) l,lMrl’KI’10NS

Ihc (Jrllrliclirct:liorl:il  chartrclcr  of the clcclron instrument
i[~ :1 w e l l  f o r  olcasurcrncnt  not  on ly  o f  solar  w i n d
511 os but a l s o  o f  magnctoshca[h  and rwrryctosphcric

s[rlnwlons,  lhough its relatively low energy range is a
ni[ing  factor i n  t h e  nlagoctosphcrc. Recloction  of the

tc[ron mcasorcmcnts  b e g a n  w i t h  iclcn[ification o f  t h e
.rcccrafl  potcnlial. “Ibis  process, based on inflections in the
cctra, is automated for routine solar wind mcmurcmcnts,  but
is carricci oor spcctrurn  b y  s p e c t r u m  f o r  t h e  J u p i t e r
,servations. Spacecraft potcn[ial  is [ypicaliy +4 [o + 8 V in
c solar wind, 42 (U + 5 V in [hc n~agnctoshcatb, and higher
)si[ ~~ (Iucs ill the magnc[osphcrc.  Iilcctrons  m e a s u r e d  a t
Icr: i[)w e@, where e is an electron charge and fJ~ is the
mccci,.il”l potcrttinl, a r c photoelectrons electrostatically

.lPPcd near the spacecraft. Iilcctron count arrays were
m’crtcd  to phase space density, arrays, corrected for

‘acccraft  potential, ancl numerically integrated to produce
~ndard velocity-weighted morncnts: dcn.sity, tcrnpcratorc
mlponcntst  and vclocily vector.

“1’1 c [Iirccliorlol I)atllrc  of tbc ion instrunlcnt,  intended for

‘P~~i~]” solar  wind charactcri?,ation wi[hin tclcmctry
,ni i s  a r]l(rdcri\tc l i m i t a t i o n  w h e n  rncasuring
~gr tth distributions and is a scvcrc limitation in the
.l~[lciu>pncrc. I)ata  rcduc[ion consisted of conversion of
un[ orl:lys  to p}lasc s p a c e  cicnsitY a r r a y s ,  followed b y
mcrical in[cgra~ior) to prodllcc  similar rnomcnt  products as

r ~hc clcctror] ir]strunlcnt,  ]n the solar wind tbc data reduction
‘~c $plils the iof) dis[ributiorls into proton and alpha particle
rnprmmts. As will bc explained Iatcr, the ion distributions

‘hc r~:lgnc.toshcath arc better charactcriy,cd  as the sum of
‘:rm:’l and sllpr~thcrr)lal p r o t o n  poptrlations. Ion moments
‘,[le “:is pnpcr arc thus based on a proton-alpha schc.rnc
r l}, :r wind, and a proton-proton schcmc for the
wncu ,,,.,lltl ar-,d magnctosphcrc.

lhc i~’n tncasurcrncnt  matrices have angular extents which
: Jnlplc for ~har:lctcri  y.atiorl of the colcl supersonic bcanls irl

: ‘r)];~r wind.  In the nlagnctoshcatb,  even in the Supersonic

rcgirsn transilc(l  by [Jlysscs  during lhc OU[b OUtld phase of tllc
cr]coontcr,  the ion distributions arc broad enough that they

cannut  bc fu l ly  measured hy the ex is t ing  mcasurcmcnl

malriccs. In (~thcr WOJCIS, Ihc ins t rument  s t i l l  measures

snbstanlial c o u n t  ra[cs near the angular margins of its

tclcmctcrcd  rncasurcrncn[ space, whereas in the solar wind the

ccmnt rutcs near the margins arc zeroes. Additionally, the ion

ins t rument  airlling srhclnc,  planned prior to tlIc cncounlcr

boscd on cxpcc[cd  shcalh flow dircc[ions, had varying succcss

in caplurinx  the heart of the ion bcarn. While it is difficult to

quantify [hc vaJidity of the ion nlcasurcmcnts,  WC can make the
f o l l o w i n g  sta[cmcnls  abuul  the rll:lgllctostlcllttr  ion rnomcnts
produced by the numerical integration schcrnc, ( I ) [on dcnsilics
rcprcscnl  a moderate undcrcslimatc, typically by a factor of 2

when compared with the electron observations (which were
validated by comparison with pl:lsrll:t-frc(l~lcrlcy  der ived

densities, as discussed in 2 Subsequent section). [hrring Onc
intcrwll of the oulbound  cncountcr  (the first  shcalh interval on
l~cbruary 14; this interval will bc discussed in more dc[nil  in a
subsequent section) the pointing schcmc clearly missed most
of the bcarn, rcsulling  in a density undcrcstirnatc  by a ffictor  of
10 or g,rcatcr, (2) Iorl velocit ies arc sti l l  reliable for most
nlagnctoshcnth  inlcrvals. It is possible to estimate the bulk
velocity of a COC)I, convecting population despite a restricted
directional sampling of the. distribution function, as long as
the heart of the distribution is measured (i.e., the bulk  vctocily
vector lies within the measured velocity sprrcc),  I lowcvcr,  for

the interval n~cn[ioncd above in which the beam was not well -
samplcd,  ttrc vclocilics arc unreliable, (3) Ion tcrnpcraturcs

rcprcscnt  a substantial undcrcstinmtc;  the ions with the grcahxt
velocity dispersion about the distribution ccntroid  arc those
which arc not observed. As will bc shown in a subscqtrcnt
section, fitting of individual spectra and comparison with
Voyager results [ Rir-hfrrdsrw, 1987] suggest that routine ion
tcrnpcraturc  calculations result in an unclcrcstimatc  by a factor
of 2 to 10. Wc note that a similar limitation on sheath ion

density determinations was cliscusscd by Ittfriliga(or  nnd Wolfe

[ 1976] for the I’ionccr  10 and 11 pkrsma analyzer. Comparison
of the I’ioncc.r shcatll ion tcmpcraturc.s with thrrsc observed by
V o y a g e r  1 and 2 [A’ir-hardsm,  1987] ,  as  WCII a s  w i t h
observations to bc prc.scntcct  in this paper, suggests that lhc
I’ionccr tcmpcraturc ca lcu la t ions  were  sub jec t  to  an

unctcrcstimation  similnr to that cliscusscd above for Ulysses.
]n prCSC[llillg the data W C. will  lISC  a “.fupitcr Syslcm 111, SOlar

Iongitu(lc fixed” coordinate systcm. ‘l’his systcm is Jupitcr-

ccntc.red, with 7. northward along the plane.tary rotation axis.
X is perpendicular to Z in the plane containing Z and the. Sun-
Jupitcr  line, positive antisonward. 1’ complctcs  t h e  right-

hmdcd set, positive dawnward. As Jupiter’s ro[ation  axis is

offset from ttrc normal [o its orbital plane by only -3°, this
coordinate systcm is similar to the “l<l’N” sys[cm used by
Rich(/rd.~otl  [  1987],

INIIC)UNI) S} IIXI1l ‘[kANSll

As previously noted, the inbound bow strock cncourstcr
occurred much earlier and much farther from  the p!allct  (I I S ~~)
than would bc c.xpcctcd  for nominal solar wind conditions.
‘l’his is quite Iikcly duc to a dccrcase in solar wind plasma
density, from a rclntivcly norrnrrl -(),2 cnl”3 crrrly on [;cbrorrry

2, to -0.02 - 0.08 cnl-3  in the hours prior to the 1733 bow
shock crossing [f](i~)~c et al. , 1992 b], though solar wind spcc.d
actually incrcascd from -450 to -500 km S“ 1 prior to the shock
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cncountcr.  l;igurc I (top panci)  shows a SC,CIUCWC CIt’ spin- and
( : t lM-averaged c.lcc[ron energy spect ra  irl the SOIar wind a n d
Ill:lgllL:lostlcillll. ‘1’hc Cool, two cr3mpoIIcII[ (core plus h:tlo)

s o l a r  w i n d  d i s t r i b u t i o n ,  wi!h Icmpcraturc  CSI 1.9 x 10S K

(clcclron  Ihcrnl:ll spcccf v,,, = (k7~,/wc)l’2  = 1696 km S“ ‘) Md
density d’ 0.05 cnl-3,  gives way 10 a bottcr,  clcnscr  (’/’= 6.2 x
105 K ,  IL = 0.23 cn)-3, V,(, = 3063 km s-  1, dis~rifwtion  jus(

inside. lhc bow shock, “l’his spcc.trum is 101 lowed by a Icss

dense but nlUCh hol(cr  (’/’ = 1.1 x 106 K, n = 0.1S cnl-3,  1’,(, =
40S0 km s- 1 ) spcc[rum at 1757 U-l; ilflcr wh ich  lhc tcmpcralorc
dccrcascs and the density rcrnains steady ( 7’= 8, 1 x 10s K. n =
0.14 cln-~,  v,< = 3501 km s“ ‘ at 1849 U’I’). ‘[’he chmrc~c[is(ic

t la t - topped prcrfilc,  as noted by Mm//~onJcry Cl o/. 11970]  for
I;i\ril]  and  by Scuddcr C( 01. [ 198 I ] for  Jupiter, is evident in all
tbrcc  sheath clistribuiions in the cnctgy  range from -18 CV
(electron speed Ve, = (2k7~,/mc)l’2  = 2500 km s-’) 10-102 CV

(6000 km S- l).

‘IIIC inbound rmr.gnctoshcath crossing Iastcd only 4 hours or
Icss, with the magnetic ficlcl  rotating [o rr magnctosphcric
ccmfiguralicrn  rrt 2130 U1’ [ l~crioglt et o1., I 992/)], wh i le  the
plasma clcclron mcm.urcmcnls  showccl no clear cvidcncc  of a
magnctosphcric  component until 2222 Url’. After the plasnm-
basccl nlrrgncIopnusc  c r o s s i n g , lhc sprrcccraft  cntcrcci  a
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-0 Sheath orBL 21 S3U1

. . . Boundary  Layer 2250 U1

0 2500 5000 7500 10000 12s00 15000
Electron Speed (knl s“’ )

Fig. 1. SarllpIc onc-diil]crlsiorlnlizcd  e!cclron spcclra  fOrltlc  initial (lop)
inbound bow shock crossing and  (botrrm)  magnclopausc  crowing.
hfagrrcloshcwh  spcctrn  nrc shown in both panels.  In Iht> top  panel  the
energy rmgc dorr]inatcd by spacecraft photoelectrons W~S rolldlly  Ihc
same fcsr  all spectra ml is marked in the tip, urc. In the bol!on) panel  the
photoclcrlron  range varied rrmong  spectra; llIC (OP  of this range is
rnarkcd  fcrrcoch plot!cd spcctrulo.

boundary layer, ch;tr:lctcri~cd  by the prcscfm  of f)ollI”  waf$.

e l e c t r o n s  in the [()-1()0  CV r a n g e  a n d  a n)Uch hotter,
lll:lgll~’tospilcric  population ((his btmndary  I:lycti Wil$  vi:;ib[e~
(I)c  ion ~)bscrv;i(i{)rls  :,s WC] I l!Urillg (hC OU~l~OU[ld”  CflCOun&,

phUSC), “[”hC  SCqLIC.llCC ()[ ClCC[roll sPL.c[ri}  dc}crihcd  aboyg

conlinucs  i n  t h e  bottom  panrl of I:igurc 1, with  arl “innei
Sllcil[h”  spcc[rlllll  rllc:lSL/r(,(l 29 minu[cs  prior  to tll(’ fickl-baW

magnc(opausc  crossing, N(,tc the much cooler spcc[ra] s]oR

in [Iris distribution (Y’=. 3.7 x I($ K,JI = 0.17 Cn-l, v ,,> = 23@
km s-’), whcncontpmd ((~lh{:stIC:l!tlsl~ccll~~  in~hc [~pane~
Atlcr (hc fic.ld-bnscd magnclopausc  clc(<’rt]lirl:ltiljli,  the OVer~l

electron di.stribulion  bccarnc ICSS dense M(I  s{ill  Coolcr[7’=  2,4
x  105 K ,  n = 0.088  cn~”3, v,{, = 190~I kn~ s ‘ [  i n  (hc 2153~
“sheath or Ill,” spc.ctrum), Al”tcr the pl:lsnl~l-b:lscd crossing, ~
clis(ribution  bccamc Jwllcr  and slill nmrc r:lrcfic~l us the lower.

cncr-g,y  p o p u l a t i o n  d i s a p p e a r e d  :IDLI :] ll~~l~nctospherjr
population bccarm  evident (’f’=  6.4 x 10S K,n = 0.02! 7cm:3,
t~,c=- 3112 km s ‘1 in t}lc ?,250 Url’ boundary layCr’ Spcctru@

I;inally,apurcly I~~agrlc({~sphcric sp~:clrLJl~l  [7’=  1.7 X  106 Kin
=  0.00S cnl”3,  v ,c :

- 5072 krn S-l) was crtwcrvcd, ncorlytw~

hours atlcr the fick-based Inagnctopausc  cmsing. ., ,

l:igLlrc 2st~o\vs atin~cscrics ofclcctrorl rll()rllcn[s(tt,  7jt&l
V) for the inbound shock, n~agnctoshcath, and rnwgnctopattk
crossing, as well  m ion n30nlcnts for tt)C solar winci only. ~
solid trace rcprcscn[s  three-climcnsional electron spectra, d~
show the two-dirncnsional  electron rcsulls  (for n and Tonlyj,
r r n d  scptfircs  indicalc  ion nmmurcrncnls.  ‘1’hc firs[ twcI clectr~
spectra aflcr the shock crossing were tw’o-rlirl~cl~sion:ll s~~
(two solid dots, with noticcahly  high density, inclucling”@
postshock spcclrum  shown in  l’igurc l). ‘1’hus tbc solidtr~
nmrkinp, the three-dimensional spectra in I;igurc  2 undcrsti~
the cfcnsity cnhanccmcnt  at the shock. Norc tha( theevid+
f o r  a plnnctary  clcplction  lnycr  ( i . e . ,  a dccrcasc in dcns~
outside the nmgnctopaosc)  clcpcnds in par[ on whether @
adopts  t h e 2 1 3 0  LJ’1’ o r  t h e  2 2 2 2  U’f’ rnagrretopa~.
clctcrminntion  [cf., I!ammmtder  (//., 1993], Note  also that’fb’”
sheath cfcctron temperature dccrcascs  steadily, with ,$J
cxccption  c)f an incrcasinc  t r e n d  f r o m  1 9 2 0  to 2000’~. .
tbroughou(  tbc sbcalh transit. A  similar, though ICSS sCv~
overa l l  tcmpcraturc clcclinc  w a s observed by \’oyager~$
[ScuddcrcI  a/., 1981]. Wc will discuss the subjcclofel~..

heating  in a subscclucnt sectic)n on the outbound encorr
#

phase. Note, however, that thcclcctron  heating mlhc Ea@!
bow shock  has been dcrnonstratcd  [Thm.wll ct al., 198T)~

dcpencf on (IIC solar wind flow speed in the. shock frarnc and@
“da dccrcasc in electron tcrnpcraturc  fron~ the bow shock f?

magnctopnusc  may b c  intcrprc(cd as a manifcstatio$j]
,*Idecreasing solar wind spccct in that frame, rather rhan:

,.
spatial fczrtorc. .i~

‘1’hc electron bulk  vc.locity  in the sheath shows a dra#
trcncf,  reminiscent of (bat seen during (IIC VOyagcr 1 cnc

~[Sfsm et fJ/,,  1980;  h’k+~~rfi’.w)l, 1987] .  Whi le  Vyrern
positive throughout the sheath, as appropria[c  for a dawn’.,
twrnsit, and VZisvariablc ar~{lrclativcly  sl~~all inrl~~gni1u~4
cxpcctcd for tl;c low la(itudc  shczrth, Vx rcvcrscs  ~ron~ 4
(an[isunwarcl)  inthcou[crshcath tc) ncgativc  (sunward) i%!
inner sheath and boundary layer. “l’his is furlhcrcvide@
c.xparrsion of the magnetosphere, which rcsoltcd  ifl:?

anomalous shock posit ion nnd rapid
/3

trarv. it of”

n}agnctoshcath.  N o t e  t h e  tcrnpcraturc  p e a k  in the ~:,;
nlag,nctmhcnth  (near 1930 U’J’), which is r(mghiy  ConCo!
with  t}lc reversal in VX: it is unclear wtic[twr  ttlis  pc~k is ~

tothcbounckrry  between inwarcl and outward flows. 1%
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r~i ~elcx:ity  (Jupiter Svstcnl  III, solar lon~itude fixed; see description in
!II. p,lPI,Is”  3.5)” for I S~O to 24OO UT on F~.bruary  2, 1993. This interval
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“<~lrc,~,  w (]..Jlr]]CnsiOnnl  electron, and ion observations. ICrn data are
I,adablc  only for (he solar wind, for reasons described in the text,

‘:’ler in its inbound passage, Ulysses reencountcred  the
~~~n(!lopause boundary layer a n d  magnetosheath.  AS  shown
n Ta!,ic 1, thest~ encounters included a magnctopatrse crossing
‘“~mll the period 1655 to 1720 UT on February 3 (day 34)!
‘Ak’WCJ i nllllccljate]y  ~Y an excursion back into thC boundary
J;cr  ~( ,:.

~J15 ~
UT. ~he-boundary  layer transit continued until
the following day, when the spacecraft again

‘tJk’l brwt’iY into the magnctosheath and then back through
‘< bOLlndarY l:lyer and i n t o  the nlagnetosphere  at 0400 ‘T,
‘-dl,~ldua] spectra fronl this prolonged, glancing ‘ n C o u n t e r

with the magnetoshcath  and boundary layer wil l  not bc
examined indctail here. However, Figure3 shows the electron
moments, in the same format as Figure 2. Note that the
electron temperature in the sheath is much higher (-6x 105K)
during this interval than during the initial inbound sheath
transit, Perhaps the most striking feature in Figure 3 is the
l a c k  o f  antisunward flow (vX)t s u g g e s t i n g  t h a t  t h e
magnetopausc  normal is nearly sunward. The two sheath

intervals, with a local time range of 1013 to 1015 and
planetary latitude of +6°, are characterized by dawnward and

southward flow (though the flow in the adjacent boundary
layers is northward). Note also that the sheath plasma density
tends to

1

m

‘E 01
.S!
h
.s
F 0,01
6

2
w 10’>
%
b
?
?

10’
600

400

70 200

Eox

3 -200

-400

-600

300

200

Yw 100

E .A!

> .,00
>

-200

-300

300

200

:0 100

E .x

s -1oo

-200

-300,

<

be low near the magnetopausc  (i.e., just outside the

., ,., -, —–.  .,,. -, ..,,., ;. .,.
,! ,,

.1.. –L:  I.. . . ..JL .!. J . . :,,
10 ‘ “1600 I aoo 2000 2200 2iio  ‘ 0;00 0400 ‘ o

~) February 3-4, 1992 a i
Fig. 3, Time series, in the same formal as Figure 2, for electron data
only, for 1400 UT on February 3 through 0600 UT on Fcbruory 4. This
interval contains a glancing  encounter with the rnagnetopause  boundary

layer and magnctoshe.ath.

. . ,.



21, i%l IILIIIJ,IPS 1:1 AI. JcIvlAN MAfiNl:l’Ostll:Klll  R.ASMA
. .. .,.

boundary Iaycr)  for all four nmgnctopmrsc crossings shown in
Figure 3, suggesting the cxistcncc  of a planetary dcplc!ion
lnycr  [et’.,  JImnnlond  et rrl., 1 9 9 3 ] .  WC ant ic ipate  furlhcr
analysis of this interval in subscqoc. nt stuciics on boundary
motions and the magnctopausc  boundary Iaycr.

OU’[’UOUNJ)  StnvmI TW’MWl’

The outbound transit of the Jovian environment by Ulysses
was characterized by multiple bounchtry crossings, m Iistcd in
Ilrblc 1. During this phase of the cncounler  t}]c ion instrument
w a s  c o n f i g u r e d  t o  m a k e  v a l u a b l e  magnctoshcath
mcasurcmcnts, subject to the instrumental l imitations

clcscribcd  previously. T h e  i o n  o b s e r v a t i o n s  i n  t h e
magnctosphcrc  and boundary layer arc perhaps of lCSS validity
but will bcincltrdcd hcrcfor complctcncss.  Plate I summarizes
the outbound encounter phase from 1200 UT on J(cbruary 12
(day 43) through 1200 UI’ on February 16 (day 47). In this
color-coded spcctrograrn,  each 24-boor interval is rcprcscntcd
by a pair of panels, one for ions (top) and onc for electrons
(bottom); day of year is indicated at the Iowcr  Icft  corner of
each pair of panels. Each panel represents a cottnts-vcrsus-

cncrgy  spectrum, summed over all measured look directions, for
the available energy range of cac.h instrLlnlcnt.  I’hc legend at
right shows tbc color table for each spccics.  In the electron
panels the dark band at the bottom represents two unused 10 W-
cncrgy  steps, and the rcd band just above it rcprcscnts
photoelectrons trapped by the positive spacecraft potential.
White vertical bands arc data gaps, and the occmional  count

-.
enhancements at high energies (0810 and 0910 LJT on day 44;
0715 UT on day 45) are spurioLm.

In the solar wind (early on day 45, plus the last9,
observations on day 47) the electron counts are predominantly

. at low energies, while the ion spectra show distinct proton and
alpha particle beams (the abrLlpt switch-on of these beams at
0225 UT on day 45 resulted from a commanded configuration
change which brought the solar wind into the field of view). In
the magnctosheath  (for cxarnplc,  1910 UT on day 43 through
the end of day 44, and 2140 UT on day 45 through 0800 UT on
day 47), both ion and electron instruments show’ high count
rates, near 1 keV  (ions) and tens of CV (electrons). In the
magnetosphere (for example, 1100-1200 UT on day 45) tbc
electron spectra show a distinct population at highest measured

energies, while the ion spectra are nearly featureless. For this
interval, note that the red band near 5 eV, which fades to yellow
near 10 eV, represents trapped photoelectrons, not ambient
electrons. The ambient electrons appear as the light blue
region at -100 eV or greater. ‘1’hc red-yellow region extends to
higher energies here than during the sheath intervals, bccausc
the ambient electron density is Iowcr and the spacecraft
potential is higher. The boundary layer (for example, 1820 to
1910 U’f on day 43) has characteristics of both magnctoshcath
and magnetosphcric  spectra.

Figure 4 (top panel) shows one-dimensionalized  electron
spectra for the double shock crossing early on February 14 (day
45; shock crossings at 0037 and 0428 LJT). I’hc solar wind
core (thcrtnal)  distribution was quite cold during this interval;
the depicted spectrum has a temperature of about 2.0 x 104 K.
The breakpoint bctwccn  photoelectrons and ambient thermal
electrons is invisible in this presentation but was noticeable in
o t h e r  display formats used to  make the breakpoint
identification, The spectral range identified as core electrons is
marked by a solicl bar in the figure. The slight  inflection in the

so lar  w ind spcc[rl[m near 4000-7000 kill s- ‘ (45.139  :
.,rcprcscrlts  ar) cnhanccd  suprathcrtnal  h e a t  flCM origin atinpi

lbc shock, ‘l’his flux is very localixcd  in aIIglL’, arid is ]Mj
W a s h e d  Ollt by  the ang,lc avcra’girrg  dOnC  fOr [;i~UrC 4. Note,

t h e  prcshock  magnctoshca(b  spcctrom  (0000  LJ”l’) i s  ~

cooler and much denser (7=. 1.3 x 105  K, n = 3.8 cm-3, j
[404 km s-1, lhan the post-shock (04S 1 U’1’) spectrum (T=’
x It)s K,n = I .1 CIII-3, V,g= 2462 km S-l).

Figure 4 (bottom panel) shows n similar scqucmr  ~f sm
for the sheath-boorrdary Iaycr-magnctosphcrc  cross~ng ~h
occurred a fcw hours Iatcr (magnctopmlsc  crossing at 0933 ~
boundary layer exit at 1030 UT). The first two spectra are fi
tbc magnctoshcath. Note that the.rc is a nmrkcd downward ti
in both tcmpcraturc  and density from the 045 I U’1’ outer s~

sI~cctrun~ (top panel),  to the 062~ U’1’ Iniddlc  sheath spm~
(7’= 3.6 x 105 K, n = 0.64 CnI-3, V,C = 2336 km S-l)), I.
0830 UT inner sheath spectrum (7’ = 2.7 x 105 K, n = 0

-3
c’” -’ “f?= 2023 km S-l). In the boundory  Iaycr spectrum,
cooling trend continues at Iowcr  cncrgics,  and an ~(.i.;itional ]

component is visible, l’hc low total  clcc~ron tcmpera~

(0939 UT; 7’= 8,0 x 1 04 K,n = 0.69 en - 3, V,< = 1101 km
suggests that the cooling of the sheath component has no~

been ovcrcomc  by the addition of the hot maimetospti
population. Finally, in the magnctosphcric  spectrum (I
UT; 7’= 1.3 x 106 K, n = 0.015 cn]-3,  Vlc = 4439 km S-l)
Iow-energy component has vanished.

The magnctoshcnth  ion spectra for the o[ltbound  encora
phase supporl  the Voyager 1 findings of Richardson [191
namely the existence of a two-component prolon  poprrlati
F’igurc 5 contains two spectral cuts (solid  dots), roughly at
the velocity vector, for spectra observed in the inner s~
(top panel) and outer  sheath (bot(om).  ‘J’hc dashed traces”~
fits to thermal and suprathcrmal  Maxwcllians  convecting af
same speed; the convection speed and the fit tcmperaturti,]
densities arc shown in the figure. l’hc solid trace represent’
sum of the two fits for each panel. In sornc spectra (not s~,

here) a slight inflection near twice the energy pcr charge Olj
proton peak, presumably dL]c to Hc+’, is also observable. ~
densities and tcrnperaturcs  of tbc thermal and supralh~
components in the plotted spectra arc within the r~
observed by Voyager 1. Note that these onc-dimension~
produce dcrtsities  and temperatures substantially higher i
those calculated with routine numcrica[  integration of
observable part of the distribution functions. For exampI$
spcctrurn  in the top panel  of Figure S ,  i f  assumed to
isotropic, yields a total density of 0,70 cm -3 and a$

temperature of 2.3 x 106 K, whereas the integrated mo~
produce n = 0.34 cnl-3 and 7’= 5,7 x 10S K, This suppo~

earlier subjective statement that the numcricai  ion mo~
can bc considered to bc underestimates of density and’~
serious underestimates of temperature.

$

T h e  wrprath’

proton component is also observed in the ter@,~
magnctoshcath  [ c .  g,, Sckopke  et al, , 1983] and c$

1
attributed to the reflection of the incident solar wind ions ,.
bow shock, followed by their gyration and convectio%
through the shock [e.g.,

)
7Aom$e~~ and  Godittg, ~.

Gosling and Robsrm, 1 9 8 5 ] . wc note thal the ~

configuration was observed to bc nearly pcrpcndi~ ular ~ i
outbound crossings [l)alosh e[ al, , 1992 b]; this W@

$
enhances the eff iciency of the ion gyration/conv  ,J ;
proc.css.

Notwithstanding the above discussed limitations
iinstrument and data reduction, wc include the Dumegj
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Fig. 7. Time series of ion and three-dimensional electron velocity (Jupiter System III, solnr  longitude fixed; see description in
text) for the period corresponding to the top half of Plate 1:1200 UT on February 12 through 1200 UT on Fcbnrary 14.

For the first sheath transit of the inbound encounter phase

(Figure 2) we had noted that the electron temperature declined as
the spacecraft moved from the bow shock to the magnetopause.
This trend did not recur for the sheath transit and outward bow
shock crossing of February 12-13 (Figure 6), but was obvious
in the subsequent inward bow shock crossing and sheath transit
of February 14 (Figure 6). For the final sheath transit and

outward bow shock crossing (February 14-16; Figure 8), the
temperature gradient was actually reversed near the shock, as
noted in the preceding paragraph. Additionally, we had noted
that the plasma density was considerably higher before the
outward shock crossing on February 13 (Figure 6) than after the
inward shock crossing a few hours later. We suggest that these
features support the findings of 2%ow.$en et al. [1 987] that
eIectron heat ing is  la rge ly  cont ro l led  by  flow s p e e d ,
specifically by the upstream flow speed in the shock frame.
The compressibility of the Jovian magnetosphere,  and the

occurrence of rapid boundary motions, suggcs(s that

motions can dominate the overall configuration of
magnctoshcath,  and that features which might be interpr~l
spatial are more likely to bc manifestations of ten
changes. We have examined the plasma observations fol
of JS~E 2 transits of the terrestrial magnetosheath  and
found no consistent trend in tcrnpcrature  from the bow s~

the nlagnctopause.  We suggest the fo]]owing scenario f
Ulysses observations at Jupiter. Both inward (solar d
magnctosheath)  shock crossings (February 3 ancl Febm~
occurred during periods of magnctosphcric  expfimion~
the outward  c ross ings  occur red dur ing  interva
magnctosphcric  contraction or stability. This is suPpOr
the observations of high sheath densities just inside ‘h
shock prior to both outward crossings; these high densid
presumably due to high solar wind densities. which (

course result in compression of the magrwtospherc  and y
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of Ihc bow shock. An expanding shock (inward crossings)
rcs.dts in high upstream flow speed in the shock frame and thus
in enhonccd  clcc(rt)n heating,  while a contract ing s h o c k
(Wltv,’i wings) has the opposite effect. We irrtcnd to
qu;ml. it; .,,,., ,tnalysis  in a subscquerrt  study.

Figure 9 continues [hc presentation of bulk plasma

Wmrctcrs, showing ion and electron velocity vectors for the
IJJIIC interval as in Figure  8. Once again, the calculated ion and
?kl:tron velocities in the sheath agree reasonably WC]!. The
o~:rall sheath velocities arc again unremarkable, with speeds

m [hc 300 - 400 km s-1 range and an antisunward,  duskward,
i-d southward orientation. The flow crrn be seen to bc most
%?r}v ‘n!i~unwarcl  near the bow shock, and more strongly
$~!k;. - the magrrctopausc, As in the previous 48-hour
.Iltrvul ! . . . ,ron velocities in the mrrgrretosphere are highly
l~liablc bul are most near]Y antisunward,  with speeds often

~~’ceding 1000 kn~ S-1 while velocities in the boundary layer
Wear  t o  bc  a com~ination Of t h e  magnetoshcath  a n d
r~l~netosphcric conlpOnents.

~hc final observational  top ic  we will p r e s e n t  CCrt)CerItS

ci:ctron  atrisotropies, While further work remains to be done
a analv$is  of both the ion and electron distribution shapes. ‘t
x dCa~ .“- it <vstematic  anisotropies  exist. piate  2 is a 24-hour
~h.c{,
%lgv ;,,,

:ctrogram  of electron count rates in four different
plotted against spacecraft spin angle, for

“:bu~rY  1S” (iiIy  46) I“he Magnetic  field  d u r i n g  t h i s  interval
*M enerally  Withi”n 300 o f  the sPin  p l a n e ’

with a iIt
‘ien~a[ion ,Ivcraging  650/- I 150 when projected onto that
‘Em Note ‘in the top parlel (40-47 cV)  of Plate 2 that the peak
c:ikbon counls Were gcncra}ly  observed  in the f i e l d - a l i g n e d,

21,199

spin phases. In the two IOWCSI panels (77-90 eV and 106-124
cV), however, the peak count sectors are clearly aligned

perpendicular to B. In the second panel (55-65 cV) the spin
an.glcs corresponding to peak electron counts arc sometimes
field-aligned and sometimes perpendicular to 11. Anisotropic
electron fluxes of this type arc observable in all the outbound
magnetoshealh  intervals, but most strongly during the final
sheath transit on February 15 and 16,

Figure 10 displays a representative electron spectrum from
this interval, measured at 0329 UT on February 15. The top
panel shows phrtse space density vs. electron speed in two cuts,
one nearly parallel and one nearly perpendicular to 11, Note the
pronounced flat top in the porallcl  cut at thermal energies (18
to 45 cV, Ve = 2500 to 4000 km S-l). Parallel phase space

density, J(vII),  exceeds f(vl) at energies below 45 eV, while
f(vl) is dominant at higher energies, The lower panel shows
another view of the same spectrum, this time withf(v ) plotted
vs. spacecraft spin angle at six thermal and suprathermal
energies. The d.]]  direction is marked by vertical traces. The
flat-topped nature of the distribution is evident in the
constancy of $(v) at thermal energies (23, 32, and 44 eV),
particularly in the direction parallel to the magnetic field. Note
once again that the sense of the anisotropy (field-aligned or
transverse) reverses bctwccn  44 and 61 eV, Similar electron
signatures have been observed in the terrestrial magnetosheath
[e.g.,  Fekfmrrtt et d., 1983; Gosling et d,, 1989] and attributed
to complex proccsscs  arising from both microscopic and
macroscopic features of the bow shock.

I’hc overall effect of [he electron anisotropies  is that TJ
generally exceeds 7jl by a factor of 1.2 to 2 throughout the
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Fig. 9. Same format as Figure 7, but for the interval corresponding to the bottom half of Plate 1: 1200 UT on February 14
through 1200 UT on February 16.

magnetosheath. Although detailed characterization of the
magnetosheath  ion distributions remains to be done, it appears
that the ions have anisotropies  of similar magnitude and sense.
Such anisotropies  are conducive to the growth of both ion
cyclotron and mirror instabil i t ies, and field signatures
suggestive of these modes have indeed been observed in the
Jovian magnetosheath  [Balogh et al., 1992b; Trurufani  ef al.,
this issue], We note that the growth of these wave modes is
sensitive to the relative abundances and anisotropies of both
helium ions and suprathermal  protons [e.g., Gary et al t 199314
Thus a careful analysis of both magnetic field and plasma data
in the magnetosheath  is necessary for full understanding of the
wave modes and free energy sources present.

Whi le  the  focus o f  the  present  s tudy is  on the
magnetosheath, and not the magnetopause  boundary layer, we
note that the electron anisotropies  within the boundary layer
have the sense of ~(vl  1) > ~(vL). These anisotropies  prevail for

al l  boundary layer encounters, for both the low-
(sheathlike)  and high-energy (magnetospheric)  comp~
Detailed work in separation of the two electron pO@

and quantification of the anisotropies., renlains  LO be do

present, however, it appears that the overall anisotrol
the boundary layer electrons typically result in Tll -1.5

the measured energy range, Anisotropies of this sens
been observed in the terrestrial boundary layer [e.g., ~
et al,, 1984] and used to argue in favor of closed ma
topology,

S U M M A R Y

During February 1992, Ulysses transited the Jovian
environment, The solar wind plasma experiment  retl
unique set of ion and electron measurements
magnetosphere, magnetosheath,  and magnetopause  bc
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~YCr. Subject  to the,  inherent l imitat ions of  solar w i n d
instruments in a planetary environment, the instruments
Wformed flawlessly. During the inbound encounter phase,
Ulysses made a ‘rapid transit of the low-latitude, dawnside
rnagnetosheath d u r i n g  a n  i n t e r v a l  o f  magnetospheric

‘~ Pansion, followed -24 hours later by a prolonged, glancing
Clicou  ~ - ~;th the magnetosheath  and boundary layer. During
h? Ou: phase the spacecraft encountered the midlatitude,
~~kside  magnetosheath  four separate times and made three bow
lt~~k c r o s s i n g s ,

k’o[ab]e  plasma features and trends include  the f0]h3Wing:

‘1) ‘fagnetosheath  electron temperatures were elevated during
‘e ‘wo inward bow shock crossings but not during the two
‘JMrd Crossings (2) E]ectron  temperatures were generallY in

*C ‘ange of 2 to 6 x lfJ5 K within the magnetosheath. (3) IOn
‘m electron densities and flOW velocities during the sheath
Z~r~a

‘ :“ I’?e outbound encounter phase were generallY  as
tq!qt

;Iowing and diversion of the solar wind flow
‘~nd tht magnetospheric  obstacle. (4) During the inbound
‘qnter phase the first sheath transit occurred during a period
‘f ‘agnetospherjc  expansion, resulting in sunward plasma
‘i- near the rnagnetopausc. (5) During the subsequent
‘bncing  $heath encounter, the flow was predominant ly

‘bWard: suggesting that the magnetopause  boundary normal

was nearly sunward.  (6) fiach  magnetopausc  crossing s h o w e d
evidence for a boundary layer, with coexisting shcathlike  and
magnctosphcric  electron populations; similar signatures were
observed in the ion nlcw.  urcmcnts  during the outbound
encounter phmc.  (7) Ion distributions in the sheath during the
outbound c.ncountcr  arc best characterized as the sum of thermal

a n d  suprathcrmal proton d is t r ibut ions. (8)  E lec t ron

distributions in the magnctoshcath  arc flat-topped, with KVI[)  >
~(vl) at thermal cncrgics  and~(vl) dominant at higher energies.

(9) Ion and electron anisotropics  have the sense of T1 > ~11,
suggesting conditions conducive to the growth of the mirror
mode and ion cyclotron instabilities.

The magnctoshcath  observations by the Ulysses plasma
experiment confirm, and often elucidate in greater detail, prior
discoveries by the Pioneer and Voyager experirncntcrs.  While
there are some unique new results, such as the electron
anisotropics, there arc no ncw findings which directly
contradict previous understanding. The existence of sunward
flow in the magnctoshcath  is further confirmation of the
compressibility of the obstacle [e.g., Siscoe e~ al., 1980]. The
magnctopausc  boundary layer, previously recognized by
Sonnerup ef al. [1981] and Scudder ef al. [1981], was observed
at all magnetopause  crossings. Ion and electron temperatures

arc generally consistent with those previously reported,
subject of course to the limitations of the measurements and
data analysis, The observation of a substantial suprathermal
proton population in the magnctosheath  supports the findings
of Richardson [1987].

Onc general characteristic of the magnctoshcath  of Jupiter
is that it is remarkably similar to its terrestrial counterpart.
With the exception of the rapid boundary motion and
g e n e r a t i o n  o f  a n o m a l o u s  s h e a t h  f l o w s  d u e  t o  t h e
compressibi l i ty of the Jov ian magnetosphere,  p lasma
characteristics observed by Ulysses in the rnagnctosheath  of

Jupiter match those seen in Earth’s magnetosheath  by various
spacecraft, These characterist ics, including electron
distribution shapes, the presence of a suprathermal  proton
component, ancl the trends in electron heating at the shock, are
reasonably well understood in terms of shock physics and
dynamics. ‘J’he presence of a magnetopause boundary layer,
w i t h  c o e x i s t i n g  p l a s m a  p o p u l a t i o n s  o f  solar a n d
magnetospheric or ig in ,  inv i tes  fu r ther  ana lys is  o f  the
mechanisms for crossing of the magnetopause by solar plasma,
We note in  pass ing that  ev idence suggests  tha t  the
interplanetary magnetic field generally had a southward
component throughout the encounter, an orientation not
expected to be conducive for reconnection with the southward
planetary field,

This study has taken the form of a “guided tour” of the
Ulysses observations in the Jovian magnetosheath.  We have
attempted to be complete, in the sense of showing all the data
for the reader’s examination, Detailed topical analysis will be
presented in subsequent studies, We anticipate further work on
the boundary layer, sheath anisotropies  and waves, shock
heating, and boundary motions, as well as on plasma
characteristics of the magnetosphere itself,
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